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Bureau of Aeronauticz, Navy Department
FLIGHT T®5TS OF VARIOUS TAIL MODIFICATIONS ON

TEE BRLVSTER XSBA=l1.AIRFIAND
IT - MEASUREMZNTS OF FLYTING QUALITISS ITH

. TAIL CQNFIGURATION NUMRER TVO

By W, H, Phnnps and i, Le Crene

" INURODVCTTION

o sl St i

At the request of the Bureau of Aeronautics, lavy
Department, a series of teats on the Brewster XSBA-=1
alrplane 1s being conducted to determine the effects of
various tall modifications. The modifications are to
include (1) variation of the chord of the elevator and
rudder while the total area of the surfaces is kept
constant and (2) variations of the total area of the
vertical taill. surface. A report has been published
(reference 1) on the flying qualities of the airplane
with the original tail surfaces, The present. report
compares the results obtained from tests of the handling
qualities of the airplaene with the first set of modi-
fled tall surfaces to the handling qualities with the
original tail. Only those handling qualities affected
by the modification of the tail are concidered. For
convenlence in this and subsequent papers, the original
tall surfaces of reference 1 are hereafter called tail
conflguration number onc. All tests were made at the
Langley Memorial Aeronautical Laboratory.between
October 1941 und May 1942,

TATL-SURFACE ODIFICATIONS

The second tall configuration differed from the
first in that the horn balances were removed =o that
the rudder and elevator were no longer aerodynamically
balanced, The modified control surfaces were mass
balanced by means of lead welghts mounted on the
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forward end of loops which passed through cut-outs in the
fixed surfaces. The areas of tuil configuration num-
ber two follows

Pin area (above fuselage, ahead or hinge line),
sqft.... ® o s o @
Rudder area (behind hinge line), «q rt e s e .
Rudder trimning-tab area, sq ft  « »
Stabilizer area (ahcad of hinge line, 1nc1ud1ng
contained fuselage area), sqQ ft 4 « o o = o o
Elevator area (behind hinge line), sq ft . . .
Elevator trimming-tab area (not changed), sq ft

On tail configuration number one, the rudder horn-
balance area was 1.5 square feet and the clevator horn=-
balance area was 2.7 square feet, There wus no trirmming
tab on the rudder,

Drawings of the tall surfaces are given 1ln fig-
ures 5 through 3.

The relation between control-stick position and
elevator deflection is shown in figure’'9,

A description nf the airplane 1is given in refer-
ence 1,

AIRSPEED CALIBRATION

The alrsneed recorder used for these tests was
calibrated by the use of a tralling airsneed bomb,

TESTS, RESULT3, AND ° .3CU3SION

All of the measurements of flying qualities were
made with the center of gravity located at 25,5 percent
of the mean aerodynamic chord with full service load,
In this condition the airplane welghed 5770 pounds or
the wing loading was 22, pounds per square foot. Re=
tracting the landing gear had no effect on the hori-
zontal .locatlon of the center of gravity and the effect
of fuel consumption on the center=of-gravity position
was sufficiently small to be ignored,
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Craructeriatics of uncontrulled lonsitudinul rotion.-
The degree of damping of the short-perlol oscliilatlion was
determined by dct'lecting the elevator and quickly re-

leasirg 1t in high-speed [1light, With botkh tull con-
fizuruations,

the subasequent varlation of normal accelera=
tisn and elevator anugle liad completely diseppearcd ufter
one cycle, Tils satisfled tae requiremant stuted in
reference 2,

The long-neriod (phngnid) oscillation wns not inves-
tigated,

Character’stics of elevaior coatrol in stead
The chacacterliatics of tiie elevator contro

: 0.7 e X -
airplane ir steady £light were measured by recording the
elevator posiiincns and lorcea requtilred Tor trin at

various ulranceds and trlrmring-tab settings. These mcas-

urenents were nade Zn the fsllowing conditlions of flight:

; ™Might Man! fold nresaure |Propeller Map Landing-
conditlon at 4000 ft speed Iposttion| gear
(in. Iiz) (ron) pocitinn
Cruising 25 180, Up Up
Climbing z2 1500 Up Up
Gliding Throttle closed |======- - Up Up
Landing Throttle clnscd !e=wmac=ea Dovwn Down
Approach 18 1900 lielf 3ovm | Town
wave-off 3l 2100 Dhwn Down

Concluslons reuached remssarding the elevator control
characteristica may be sumiarized es follows:

l. In ull nf the conditions of flight, at low
sneeds, stick-fixecd static stability existed for the
c airplane with tall conriguration number twn as showvm by
& the negative slopes of thre curves of elevator angle
agalnst alrapeed In fipgures 10 throuch 1%, The natu-
hillty was greatest in the landing and gliding condi-
tions, less in tne crulsing and climbling conditious,
sm&ll in the approach condition, and just ubove neutral




in the wave-off condttion, At higher speeds the sta-
bility becurie anproxinntely reutral in the flaps-up
corditicns, Mpure 14 aleo pives an irdication of the
ntlck-fixed ntatic stabllity in the gliding, eralsing,
und clirbing conditione of flight showing neutral sta-
bility in the elirdbing condition at lov angles of at-
tack.

Comparison with the results g:iven for the alrplane
vith tall confiruration number orec in referercec 1 showved
little Cifference In the stick-fixed astatic atarility as
obtalned with the two tall confip retions, Stnce the
elevator area was changed only =2.7htly by reroval of
tre orn balance, no appreciuble chanre in stielz-fixed
stabllity was to be exnected. However, with the first
tall conflpuration the alrplane was slichtly stable in
any concéltion at the upper end of the sneed ranjge.

2. For the alrplane with tall confiruration nun-
ber two, the slore of the curves of sfick force agalnnt
alrspeed, also fipures 10 through 13, 1s nepative at the
speed at which tlie alrplanc was trimmec in the rlidlng,
erulsing, climbing, and lancing conditions. T™ids chare
acteristlie esaures stick-f'ree ztutic stabllity of the
alrplance in the gliding and landing conditions, ow=
ever, tre sloper of tl.e curves of stick force areainat
pirapeed for the cralalng ard climbing conditions re-
veraed tetveen 30 and 130 mlles per hour so that,
althourh tlhe alrplanc was stable stick free for trinm
speeds near 20) mlles per hour, the stebllity would
heve been neutral or £lightly nerative for trim cpeeds
below aporoxlirately 140 niles per hour, In the ap-
rroach and wave-=off conditlione with the second tall
configuration, the slope of the curves of stick force
aralnst alrspeed is ahout zero. S5ince on the ZSBA-1
alrplane the force change produced by the trimmung.tud
increases with alrspeed, 1t 1s helleved that the air-
plane vould have been unateable 1if trimmed to zero stick
force 1n the wave-off condition.

Yith tull confijuration nuri one, the eurves of
sticl- force agninst alrspeed for the crulsing, climhine,
and pliding conditlons wecre on the verge of rcversing
between 90 and 130 riiles ner hour, The characteriatlc
shape of the curves of force varlation for several
flizht condltiona with eltlicr tall configuration 1s
belleved to have bsesen caured by nonlinear hinge-moment




proparties of the elevator arnd by ¢he Influcnce sf tho
wing weke at the taill,

A ewnmary of the rtisk-free static-stablility char-
ectoristica vilth the two asets of tall surfuces follows:

|
Conditien|Tull econfizuration Tall configuration
nuater one nuuber two

Crulsing Stable leutral
Climbing Dn,
Glicding Stadble
Approach L Nentral
Luanding i Stablo
Vlave=off |-==e--- =0 mmmmm= Tnatable

3« Tor the airplane withh tail corfiguration num-
ber two, the clevator control force wes sufficlently
larnse compared to the friection to roturn tle eontrol
to fts trir positlon in the plidine and landlic con-
citlons. In the other corditiona the elevator control=-
force gradient wes about zero Lor part or all of the
speed range for some trim gpecds, Therefore, in the
cruising, climbing, wave-off, and approach conditlonr,
the airplare with tall mumber two did not rieet the rec-
quirerments of rcfereince 2. Vith the firnt ta'l con-
figuration, 1t was rorsihle to tr' 1 in all eonditions.

4. With clther tall conliguration, the elevator
angles required for trim were well within the avallable
range In all corncitions tested.

Character!stices of elevator control in nccelerated
flipght.- The characterintics of the elevifor control in
accolerated [1lipht were detemiirod from measurercnts
taken in wbrunt pull- unw and push-downs from level
flight and in rapid 180° turns, The rezults of the
rull=ups and push-=dovns with tall confiruration nwui-
ber two &are presented In fipgures 15 end 1€, Tirme
historles of representative tuarns are vrecented in fig-
ures 17 throurl £0. M pure ©2 shows the var tation of
elevator erzle vith 11ft coefficient in 180° turns,

The results of the tests pertainiars to elevator control
In aceelerated flight ma" be summarized us follows:




1. For the alrplane with cither tall configuration,
the elovatnr control was sufficie: tly nowerfuvl to develop
elther the naximur 1irt coefficir .t or the allowable load
factor at every nirspecd. Thia fuct wag evident in pull-
ups nade ai varlours alrepends,

2, 7ith bnth talles the normal acceleration was cb=-
served to Incremse progressively with elevator angle at
eny rlven arirspced.

S« Stlck motinn of 4.6 inclies from the trim posl-
tion procducec a ntall with tall confipguvraticon nurber one€.
No reenrds of a stall in s turn were obtalned with the
segcond tall confilguration, dbut lifuvre 1€ in a tine
history of a turn in wrich a narral acceleration of 4g
was reached which required an elevator defllection of 11°
from the trim ponrition, T a corresgordns to a stlek
travel of 4.3 inclies and lience neeta tle requirenent of
referer.ce 2,

4. The vg*iution of stlck forsce with normal accel-

eration 1In 180~ turnn with tall confipguration number two
1s plotted in firure 21, Chanre 1n normal acceleration
was proportional to the elevator control force applied
with elther tatl,

&, An averare force of abount 20 pounds per g was
required to make a hlpghly acceleratsed turn with taill
configuration nurber one. This was reduced to 27 pounds
per g with the second tall confimuration. However,
the force per g was excesslive 1: eltier cese an about
15 pound's per £ 18 & reazonable limit of stick-force
gradlent for a scout bhomber such as the X3BA-~1 airplane.

Craracteristica nf elevator control in landin
With bo e sane up-elevalor def
the sare force was required to lard, The clevator eon-
trol was sulficiently poweiful to hold tho airplane off
the pround until three-polnt cnntact was nade. The
average of records taken of several landings showed
trhat £1° »f up-clevator deflecticn was required to make
a three=polint lanrdins. Thie was the same as the amount
of up-eclevator deflection required to etall, Usually
sbout 10° riore elevator deflection 13 rejulired to land
& low=-wing alrplane then to =tall it in the landing cone
ditinon at altitudc, Tor trie 3TUA=1 alrplane, it 1s
bhelleved that the separation of tre flow from the wing
rcot in a stall recuced the downwash at the tall as the
stall was approacted, Jlust as tiie ground effect reduces
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the dovnwash at *‘he tall wher the airplane 2s land-
ire.

The elevatnr control forece required tn rake 8

larnding was scbout 41 perds with elther tall, This
exceeds by 6 pouncs ti.: upner linit recommended in
refererce 2,

Characteriastic of elevator control in take-off.-
With elther tail the elevntor was adequate to adjuat
the attitude angle wus ceslred durine take-off.

Trim chan~es due t.o pover end flars.- The trin
change caused by lowerlns Lhe rlaps vue in the direc-
tion tending to caure the ulrpline to nose up.
Lowering tre landineg gear coused the airplene to nose
down. A push force of 13 pownds wilith tull confipura-
tion rnumber one or 9 pounds with tall coufiguration
number two was rejulred to maintain trim if the flaps
and landing geur were lowered with the power off at
120 miles per hour. This trim change 13 in the op-
posite direction tn that 1sually considered desirable,
Application o power with flens and larding rear up
produced a eglirlit nosing-ur tendeney,
landing rear down,

VWith flaps and
this tendency was increased so that
a puth force of 138 pounda with tall configuratlion num-
ter one, but only 10 pounds with tuail number two, war
required to mairntain trim at 120 miles per hour. The
stick=force change at this speed in golng from the
flaps-un powver=-off eondlticn to tha flangs-down full-
power concition was abou’ I8 pounds with confipuration
number one, whilch e:xceeds the upper limit of 35 pounds
recormended In reference 2, but was only £0 pournds with
configuration numb-r tv >,

Charecter’stics of lorcitudinnl trirnmine device.-
The trimming-tab settine requlred ‘n the various Ilight
conditlons to trim at zero stick force with tall con-
figpuration number two is plotted in firures 10 throurh
13. With either tall configuration the trirming tabs
were sufficieantly powerful to reduce the stlci: force to
zero at any point in the sreed rancme in the pover-on
conditlons of flirht. In tie power-off conditioxs,
the airplane could be trirmed at all spceds In the
rance more than 10 nlles per hour ahove the stull with
the number one tail, Due to the decreared travel of
the tab on the number two elevator, the ninimum spced
for trim was about 20 miles per houar abnve the stall




in the landing and gliding condltions. Intleces chensed
menually, tihe trZrming tabs Zn hoth the elevators re-
tained a givern setting indefinitely.

LATELAL STABILITY AlID COUTROL

Chararcteristics of uncontrnlled Jateral and direc-
tlonal rotlon.- “te contral-free lateral osclllation with
tall confiruration nurter two darped to one-half ampli-
tude in about one~half cycle, ae shown in fipure <3,
satisfying the requircrient of reference 2. The rate of
damping decreased very slipshtly witn speed. With tall
confifuration nurber one, the nurber of cycles required
to damp to one=half amplitude increased frorm one-=half to
one and one=half with alrspced, The period of the
osclllation was half apein as long with the secord tull
configuration as with *‘ne flrst, The relation of yaw
angle to rudder unecle showed that rudder nunber two
floated witl. the relative wind and that rudder nurber one
floated agalnst the relative wind, as wounld be cxpected
with a horn balance. This expleins why the period of
lateral oscillation was lorrer and the damplng nore
rapid with tall conflguration nuubher two,

Rudder coatrol characteriastics.= Thie rudder control
characterictics were meacured in steady flight, in side-
elips, and in abrupt rudder iicks, In the rudder-kick
maneuvers, records were talen of rudder position, rudder
force, rolling veloclty, sideslip angle, and normal ac-
celeration resulting from abrupt deflections of the
rudder in steady flight while tiie other controls vere
reld fixed. Trie results of the sidesglips are chown in
figures 24 throurgh 31l. The results of the rudder kicks
are sliown irn figvres 22 throuchi Z4.

Tre results may be swrarized as follows:

. l. Both rudder nuwber one and rudder nuwiber two were
powerful enough to overcome the adverse alleron yawing
moment in all corditions tested.

2, Elther rudder was suflfliclently noverful to maine
tain directional control durins take-off and landing.

Zs PFlpure 3E€ shor~ that rudder number two was suf-
ficlently powverful to .rim the alrplane at all airspeeds




ebove the ninimum for esch ccndition tested.
number onc also ratisfied this requirenent.

4, Tre effectiveress of the rudder in recovery fron
spins was not investigpated.

Rudder

6. "The rudder control force was rroportional to
rudder deflectiorn with either tell confiruration. Right-
rudder force was required to hold right-rudder deflec-

tions and left-rudder force, to hold left-rudder deflec-
tiona.

6. Rudder rnumber two was ebout 25 nercent lighter
than rudder number one in £ldeslips. With elther rudder,
the force required to overccme thre yawing rioment due to
full alleron deflection wrs about 100 pounds. The trim
changes caused by decreasirp airspeed were not excessive.
Complete data were not ohtmined, but the lurgest recorded
trimming force was 75 pounds for rudder number two in
the wave-off condition at £6 miles per hour. In all
cases, with either rudder, the forces required were helow
the 180 pound 1imit recommended in refercnce 2.

Yawing morment due to sideslip.~ Characteristics of
the yawing moment due to sideslip wrere found to be &s
follows: ’

1. Viitth rudder locked, at 110 percent of the mini-
mum speed the maximu change in siderlip angle deve%oped
as a result of full alleror deflecticn was about 20

which is the maximum allowable under the requirement'of
reference 2.

2., Vilth either rudder, the yaving rmoment due to
sideslip was such that the rudder movement required was
in the correct direction from the trim position; that
is, right rudder produced left sideslip and left rudder
producad right sideslip. For angles of slideslip between

+156°, the angle of sidealip was= substantially proportional
to rudder deflection fcr either radder,

3. The yawing rioment due to sideslip (rudder free)
with either tail confipuration was such trat the airplane
always tended to return to the trim condition regardless
of the angle of siderlip to which it was forced.

Pitching rmoment due to sicdeslip.= Vith hoth the
number one &nd the number two talls, the curves of ele-
vator angle asainst anglc of sideslin shaw that the
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pitching moment due to cideslip was small, A maxirmum

of 1%0 of up-elevator ceflection was required to main-
tsin longitudinal trim for steady sideslipproduced by

5% of rudder deflection. It siould be noted in inter-
preting the curves of engle of sideslip for a gilven
airspeed that there may be some error in the indicated
airspeed due to the angle of yaw of the pitot static
head which wae only permitted to swivel vortically.

Power of rucder triimming Aevice.= There was no
trimming tab on the nu Her one rudder, The trimming
tab on the number two rudder was sufficiently powerful
to reduce the rudder forcees to zero in all conditions
of level flight. UInless changed manually, the trime-
ming tab would retain a given sctting indefinitely.

CONCLUSIONS

The cormparison of the handling qualitles of the
- Brewster XSBA~1 airplane with tall confisurations
number one and number two may he surmarized as follows: a

l. The X3BA-l airplane with tall configuration
number two had stick-fixed etatic longitudinal stability
in all conditions at low epeeds and approached neutral
etability at higher speeds except in the landing and
: approach conditions of flight. Tail configuration
number one produced stick-fixed stability in all con-
ditions throughout the speed rarge. The stability was
not large at higher speeds,

: 2. The airplane with the eecond tall configura-
tion had etick-free static longitudinal atabllity in
the gliding and landing conditlions. The stabllity wae
nentral in the cruising, climbing, and approach condi-
tions and sliphtly negative in the wave-off conditicn.
With the first tall corfiguration, stick-free static
longitudinal stability existed in all conditions and, in
the approach and wave-off conditions, the curves of
elevator control force against indicated airspeed had a !

steep negative slope.

3. Tall configuration number two reduced the i
average slevator control-force gradient from 30 to
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27 pourds per @. Thir value still fer exceeds the
meximum gradient of 15 rounds per g that is con-
sidered reasonsble for scout: bombers.

4, The stiek travel required to atall in naneuvers
was desirably large. It was about 4.6 inches with tall
configuration nuriber one and approxinately the same with
tail configuration number two.

8, With the firat tail configuration, trin changes
caused by eprlication of power or jowering the flaps
were large and caused & nosing-up tenderncy. viith tail
configuration number two, these trin chanres werec ro-
duced about 50 percent. The stick-force change at
120 miles per hour in .oing from the flaps=-up power-off
condition to the flaps=-down fullepower condition was
Z8 pounds with the tail conficuration nurber one but was
reduced to 20 pounds with tail configuration nuzber tvo,
which was well below the recormended maxlnum of 356 pounds.

6. With either tall the directioral stability was
sufficiently large to 1imit the yaw cesused by full de-
flection of the ailerons with the ruddér fixed to 20° at
low flying speeds. The pitching rmoment due to sideslip
was desirably smell in-all flight conditlong.

7. The rudder control with elther rudder was suf-
ficlertly effective to maintain straight flight at mini-
mum sp-ed in all flight conditions. Either rudder vas
power:lul enough to overcone aileron yaw in all conditions.
The ruader forces were approximately the same with either
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rudder and did not exceed the limit recormended by refer-
ence 2, However, rudder number two was about 25 percent
lighter than rudder number one in sideslips,

Langley iemorial Aeronautical Laboratory,
Netional Advisaory Committee for Aeronautics,
Lanpgley Fleld, Va., December 2, 1943,




REFERENCES

H., anqd Nissen, J, Mes
Various Tail Modifications on the B

Flight Tests of
Airplane. 7T . Measurements of F

rewster XSBi.l

1lying Qualities
Surfaces, NACA ARn 11, 3rov,

with Original Tat)
1943,

2, Gilruth, R, R

+? Requirements for Satizractory Flying
Qualities of Alrplanes, NACA

AOCOR.' Apx‘il 1941.




365~1

A QY3 ATVINET - audPe08Y) WOLNTNONIY TVWONIN 430NV

S3aNYNOWIY 604 JI4LMAO0D ANOSIAOY YNOLWN

*oUTTdITs [-vESX I918M83g JO MOTA qUCdY -°T SanBTy




VA QN4 AIMAVY - ANCIVEOIFT TWILNVNOSIY TWWORIN 417NV
SRUNUNOEIY w04 114 1MA0D ANCEADY TWWOLYNY

*UETAITE 1-ygSY 21918M33g JO MITA qU0JJ J933wnb-aaayl -°g aanfiy

865~1




A Q10e ADTIONTY - SUOTECEVT WHLNUNCHIV WO AJTONTY
$2.WNCEIY w04 1N LARDD LEOBATY TYNDIIYN

“8U0 Jaqunu uoTeaniT)
-Uod TTe7 Te01739A Buimoys suk(dats [-ygSY Jaismalg JO mata apis -*¢ BTy




" ‘CEI BN -

B

*9UO0 Jaqunu uotrevany}
-u0d Ttve Buymoys auwydare 1-ygsy 1318A330 JO BUTARIP AITA-RIYL -°p 2andyg




7'railineg edge

T+ o anglé /¥

Section A-A

Trailing edge angle 23°

= e ———

Section B-8

8

7's*

Pf;nn S.= Nerisontal tail configuration mumber one. Brewater X88A~1 airplane.




ST e

Section A-A

Traui’ rﬁe 7.6

= K ———
1

Section B-B

sl




S CE—

Section A-A Troiling edge angle 14°

Section B-B Irdiling edge angle 2r
Fuselage

B~ Centeré_i Qg_\

=
u |-
Hinge line—"

7's

Pigure 7.- Horiaontal tail configuration . T XSBA-1 airplane.
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